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SUMMARY AND CONCLUSIONS 
1. The distribution of temperature over the surface of an electric 
unit was fairly uniform. The temperature at the outer edge was 
slightly lower than at any other position on the unit. 
2. Enamelware, copper and black-bottom aluminum pans of 
the same size, shape, thickness and bottom surface contour were 
practically equal in cooking efficiency for heating water and for 
typical short time and long time cooking processes. The natural 
finish aluminum pan was slightly less efficient. 
3. The encased units, Calrod, Chromalox and Corox, required 
the least time to complete various typical cooking processes. Open 
units required slightly longer time, and enclosed labyrinth, cast-in 
and cone reflector units took the longest time. 
. 4. When preheated units were used the encased units required 
the least time for cooking. The open, cast-in and enclosed laby-
rinth units required a slightly longer time, while the cone reflector 
type required considerably longer time. 
S. Teakettles and stew pans of the same material and of the 
same capacity required approximately the same time for heating 
water. 
6. The material of the pan has comparatively little effect on the 
cooking efficiency of the pan. 
7. A black bottom finish tends to increase to a slight degree the 
cooking efficiency of aluminum pans but does not increase the effi-
ciency of enamelware utensils. 
8. Various cooking operations require slightly less time on en-
cased electric surface units than on the open, enclosed, cast-in, or 
cone reflector types. 
9. A utensil for use on an electric unit should fit the unit and 
should have · straight sides, a flat bottom surface and a well-fitting 
lid. 
The Utilization of Heat froal Electric 
Surface Units by Certain Cooking 
Utensils! 
By LOUISE J. PEET AND LUCILLE O. MACDoNALD 
During the last few years studies have been made by Barager 
and Snyder,2 Gartrell,3 Roberts,4 Sater5 and others to determine 
the most desirable requirements for a cooking utensil to be used on 
the surface units of the electric range. Most of the tests were run 
with pans purchased on the open market. For this project pans of 
aluminum, enamelware and copper, identical in size, shape and 
thickness, were especially constructed. 
Because of the controversy over the type of finish which is most 
desirable on the bottom of the pan, both black bottom and natural 
finish bottom aluminum and enamelware pans were used. 
Ten types of electric units, which were available on the market, 
were assembled in a specially constructed metal frame in order 
that the effect of various types of units in relation to the material 
and finish of the cooking utensil could be studied under comparable 
conditions. 
PURPOSES OF INVESTIGATION 
The purposes of the investigation were: First, to determine the 
temperature distribution from various types of units over the sur-
face of a cooking utensil; second, to study the variations in the 
boiling time and variations in a typical short time and long time 
cooking process with utensils of different materials and finishes; 
and third, to determine the kilowatt hour consumption when heat-
ing water for cooking in aluminum and enamelware teakettles and 
in stew pans of equal capacity. 
UTENSILS 
The utensils used were made to order so that they would be 
as uniform as possible. Table 1 gives the data for these utensils. 
They were made approximately .045 inch in thickness, or Brown 
and Sharpe 17 gauge, which gives a medium weight utensil. They 
had straight sides and fiat bottoms and a capacity of approximately 
2 quarts. 
lProject 354 of the Iowa Agricultural Experiment Station. 
2Barager, A. E. and Snyder, Edna B. A study of five commercial electric stoves. 
Neb. Age. Exp. Sta ., Bu!. 68, 1933. 
'Gartrell, Bennie Mae. A study of the effect of different materials and finishes 
on the thermal efficiencies of pans. Unpublished thesis . Library, Iowa State College, 
Ames, Iowa, 1930. 
'Roberts, Evelyn H. Utensils for the electric range. Wash. Agr. Exp. Sta., Bu!. 
283, 1933. 
:lSater, V. Enid. The thickness of sheet aluminum as a factor influencing the 
thermal efficiency of a utensil used in surface cooker y on an electric range. Un-
published thesis. Library, Iowa State College, Ames, Iowa, 1932. 
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Fig. 1. Enamelware, aluminum, and copper utensi ls (made to order). 
The utensils were spun by hand, the aluminum from rolled 
aluminum, and the enamelware from 32 guage steel, which was 
enameled ivory inside and outside. The copper utensile were 
chromium lined on the inside. All utensils. were fitted with tight-
fitting lids of the same material as the utensils. 
TABLE 1. DATA CONCERNING UTENSILS 
Uten- Finish Diameter Thickness 
sil Material of of of D~pth Weight 
no. bottom bottom bottom In. gms. 
in. in. 
EI Enamel ware Black 7- 18/ 32 . 044 3 . 00 640. 5 
E. Enamelware Black 7- 18/ 32 . 045 3 . 00 634 . 0 
Ea Enamelware Natural 7- 18/ 32 . 041 3 . 00 633 . 0 
E. Enamelware Natural 7- 18/ 32 . 043 3 . 00 610 . 0 
Al Aluminum Black 7- 19/ 32 : 041 3.00 319 . 0 
A. Aluminum Black 7- 19 / 32 . 041 3 . 00 313 . 5 
Aa Aluminum Natural 7- 19/ 32 . 041 3 . 00 312 . 0 
A, Aluminum Natoural 7- 19/ 32 . 043 . 3 . 00 302 . 0 
C 1 Copper Natural 7- 18/ 32 . 045 3 . 00 1090 . 0 
C. Copper Natural 7- 20/ 32 . 045 3 . 00 1065 . 0 
ELECTRIC RANGE SURFACE UNITS 
Representative surface units of all the various types available on 
the market were purchased from open stock. Data for the units, 
including type, wattage, diameter and manufacturer, are given in 
table 2. The units are illustrated in fig. 2. All the units. had three 
heats. On medium heat the wattage was one-half the wattage on 
high, and on low, one-fourth. 
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TABLE 2. DATA CONCERNING ELECTRIC SURFACE UNITS 
No. Watt Diam. in- Diam. 
of Name Manufacturer Type rat- cluding of 
units ing rim unit 
in. in. 
------
1 Enclosed labyrinth Standard Electric Enclosed 1100 7- 2 / 4 6-1/4 
Stove Co. 
2 Cast-in Cal rod Edison General Elec-
tric Appliance Co. 
Embedded 1000 7-2/4 6-8 / 4 
3 Calrod Edison General Elec- Encased 1200 7- 2/ 4 6-3 / 4 
tric Appliance Co. 
4 Open - spiral Estate Stove Co. Open 
Labyrinth 
1200 8 6 
*5 Chromalox (closed Edwin L . Wiegand Encased 1200 8 6-2 / 4 
center, plate Co. 
back) 
6 Open-star A. J. Linderman & Open 1200 8 6-2 / 4 
Hoverson Labyrinth 
7 Chromalox (open Edwin L . Wiegand Encased 1200 9 6-2/ 4 
center, pan back) Co. 
*8 Chromalox (closed Edwin L. Wiegand Encased 1500 9 7-2/ 4 
center, pan back) Co. 
9 Corox We.tinghouse Elec-
tt ic & Manufac-
Encased 1200 9- 1/ 4 6-3 / 4 
turing Co. 
*10 Electrochef Electromaster, Inc. Cone re- 1265 6-1 /4 Cone 
flector 
*Manufacture of these units has been discontinued . 
The units consisted of the following general types: Encased, em-
bedded, open labyrinth, enclosed labyrinth and reflector. 
The encased units included the Cal rod (No.3), Corox (No.9) 
and Chromalox (Nos. 5, 7,8). The Calrod unit (No.3) has a 
'heating coil of nickel-chromium wire in a stainless steel tube. 
Magnesium oxide powder is used to insulate the wire from the 
tube. The two spiral tubes which make up the heating coil are 
attached to a metal reflector as shown in fig. 2. The cast-in-calrod 
(No.2) is made with the metal tube encasing the unit, cast into 
the center of a metal disc. 
The Corox unit (No.9) is made of two stainless steel plates 
grooved to hold the heating element. Magnesium oxide is used to 
insulate the element from the metal plates. This unit is mounted 
in a metal reflector with a chrome-plated rim. The newer develop-
ments in this unit give a lower wattage on medium and low than 
is found in the standard unit. The wattage on medium is one-
fourth of the wattage on high, and on low it is one-tenth of the 
wattage on high. The same manufacturer also makes an open unit 
with similar range in wattage. 
The Chromalox units have the insulated elements held between 
two thin metal sheets, These sheets are mounted in a cast-iron 
ring with a metal reflector base. Chromalox unit No. 7 is the 
only one of the three units tested that is now being manufactured. 
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The Chromalox unit No.7 has an open center and pan back, while 
No. 5 has a closed center and plate back and No.8 has a closed 
center and pan back. 
The Open Layrinth units No.4 and No. 6 are molded discs of 
unglazed pottery with labyrinth grooves into which the heating 
coils are laid. The disc is set in a metal pan. 
Open unit No.6 is a star-shaped unit, while unit No.4 is wound 
ENCASED 
EMBEOOEO 
ENCASED 
ENCASED 
OPCN LASYRINTH 
ENCLoseD LABYRINTH 
RErLtCTOR 
Fig. 2. Types of surface uni Is. 
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in a spiral. Unit No.4 no longer has a refractory brick underneath 
the unit plate. The frame is now chromium plated instead of 
enameled black. 
In the Enclosed Labyrinth unit (No.1) the heating elements 
are supported by a partially enclosed frame and covered with 
a heavy metal plate. An insulating block is placed beneath the 
coils. Improvements in this type have decreased the thermal mass 
of the unit. 
The Reflector unit (No. 10) is made with the heating element 
supported by a truncated clay cone which is mounted in the center 
of a chromium plated reflector. This unit is no longer manufactured. 
MEASUREMENT OF ENERGY INPUT 
The electric units were operated on a 110 volt, three wire, altere 
nating current circuit. A General Electric potential transformer, 
Type M, 60 cycles, Form 8, Volts 110/ 220 to 11 / 22, was used to 
increase the voltage to 120 volts. The electrical set-up to measure 
the energy input consisted of an indicating wattmeter, a rheostat 
to hold the voltage constant throughout each test, and a current 
transformer to protect the instruments. Four independent set-ups 
consisting of the following instruments were used: 
Indicating wattmeter: 
1. Weston 
5- 20 amperes 
75-250 volts 
750-1500 watts 
1-133 cycles 
2. General Electric 
5-10 amperes 
100-200 volts 
750-1500 watts 
25-125 cycles 
Current Transformer: 
1. General Electric 
25-125 cycles 
2/ 3/4 / 6 / 8/12 to 1 ratio 
10 / 15 / 20 / 30 / 40/ 60: 5 amj:eres 
2. General Electric 
25-125 cycles 
4 / 8 to 1 ratio 
20 / 40: 5 amperes 
3. General Electric 
5-10 amperes 
100-200 volts 
750-1500 watts 
25-125 cycles 
4. Weston 
5-20 amperes 
150-300 volts 
750-1500 watts 
1-133 cycles 
(3 transformers of this type were used) 
Rheostats: 
1. Allen Bradley- No. 256853. Size 28. Watts 1000 
2. Allen Bradley- No. 256853. Size 8. Watts 500. 
(3 of this type were used) 
The units were operated throughout all the tests on 1,000 watts. 
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DETERMINATION OF TEMPERATURE DISTRIBUTION 
FROM AN ELECTRIC UNIT OVER THE SURFACE 
OF A UTENSIL6 
CONSTRUCTION OF APPARATUS 
A cast iron dutch oven was made to order in a local foundry in 
order to obtain a utensil of the desired dimensions and of uniform 
wall structure. The dutch oven was 3/ 16 of an inch thick, 4-1/8 
inches high and 70 inches in diameter at the base. This diameter 
was such that it completely covered the surface of the largest unit. 
The bottom of the utensil was ground to give a flat surface for 
contact with the top of the unit. Seven thermocouples of copper 
and constantan were embedded in the bottom of the kettle with 
the junctions half way between the top and bottom surfaces. One 
thermocouple was embedded in the center of the bottom and the 
remaining six at equal distances between the center and sides of 
the kettle in such a way as to form two lines of thermocouples at 
right angles to each other. (Fig. 11.) 
The thermocouple wires were insulated 3 inches from the junc-
tion within the kettle by a waterproof, heat-resisting varnish. The 
remainder of each wire was encased in flexible spaghetti tubing. 
The portions of the thermocouples within the kettle were sup-
ported in an upright position by small brass tubes which were 
screwed into the bottom of the utensil. The tops of the seven brass 
tubes were fastened to a quarter circle brass plate which was screw-
Fig. 3. Set-up for temperature distribution tests. 
6Heat distribution tests were performed by Lenore Sater (assist. prof.) and 
Elizabeth Beveridge (teach. fellow) in the Household Equipment Department at 
Io wa State Coll ege in 1935. 
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ed to the top of the kettle. The cold junction ends of the constantan 
wires from all seven thermocouples were soldered to one copper 
wire to make one cold junction common to all the thermocouples. 
A thermocouple identical in construction with the thermocouple 
sealed into the kettle was calibrated, and it was assumed that any 
difference between the calibrated thermocouple and those sealed 
into the kettle would be so small that it could be disregarded. 
The following procedure was used in calibrating the thermo-
couples. 
The thermocouple was calibrated by fastening the hot junction 
parallel with and about midway betweetl. the top and bottom of 
the bulb of a sensitive centigrade thermometer graduated to read to 
.2 of a degree. The thermometer and hot junction of the thermo-
couple were inserted through a hole in the insulated lid of a small 
electric furnace. The cold junction of the thermocouple was im-
mersed in an ice bath and the free ends fastened to a Weston milli-
voltmeter, graduated to read to 1/ 5 of a millivolt. 
The 500 watt rheostat was used in the line leading to the electric 
furnace as a means of controlling the rate of heating the furnace . A 
very slow rate of heating was used in an effort to eliminate possibili-
ties of the thermometer readings lagging behind those of the thermo-
couple. 
Millivoltmeter rea din g s 
were taken for each 5 degrees 
of temperature change from 
20 ° to 120° C. When the 
temperature reached 120° C. 
the current was turned off and 
corresponding readings were 
taken on the millivoltmeter 
and thermometer as the fur-
nace cooled. This procedure 
was followed as an additional 
precaution in noting any lag-
ging of the thermometer. 
Three runs were made, the 
six sets of readings averaged 
and the results plotted (fig. 
4) . This graph was used 
throughout the temperature 
distribution tests for translat-
ing the millivoltmeter read-
ings to temperature readings. 
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TEMPERATURE DISTRIBUTION TESTS 
In this series two units of each type of construction were tested 
with the cast iron dutch oven previously described. Five tests were 
run on each unit, giving a total of 10 tests for each type of con-
struction. ' 
The kettle was always placed in the same position on each unit. 
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On those units in which the wiring gave a symmetrical heating area, 
the kettle was placed so that the angle formed by the thermocouples 
opened toward the operator or, in other words, a line bisecting the 
angle formed by the thermocouples was perpendicular to the front 
of the metal box. In the units where the heating area was not sym-
metrical, as in the open spiral, open star and Calrod types, the 
kettle was placed so that the junction of thermocouple No. 1 or 
No. 7 was over the extreme outer portion of the outside coil. In 
the star type of open unit this was the tip of the star while in the 
spiral winding it was the terminal of the outside coil. 
From preliminary tests it was d-ecided to use 20 ° C. as the start-
ing temperature for the water. This temperature was approximately 
that of the room, and it gave 70 ° as the difference in initial and final 
temperatures, an easy number to use in the determination of cook-
ing efficiericies. Another temperature might have been used for 
the initial temperature. The corresponding millivoltmeter reading 
was determined by immersing the hot junction of the thermocouple 
and the bulb of the wall thermometer in water which had been 
cooled to approximately 15 ° C. The pan of cold water was pJaced 
on an enclosed electric unit and the current turned on for a couple 
of minutes. This produced sufficient heat to raise the temperature 
of the water from 15 ° C. to approximately 30° C. Corresponding 
readings of the thermometer and millivoltmeter were taken, and it 
was found that 20 ° gave a corresponding millivoltmeter reading of 
0.8 millivolts. Before starting each test the kettle was cooled to 20 ° 
C. by filling it with cold water. When the 0.8 millivolt reading was 
re~ched, the water was poured out and 200 cubic centimeters of 
water at 20° C. were added. By experiment it had been found 
that the minimum amount of water necessary to keep the bottom 
of the kettle covered throughout the test was 200 cubic centimeters. 
Water was used in the kettle to help dissipate the heat from the 
inside surface. 
After adding the water the unit was turned to high heat, and 
readings on the millivoltmeter were taken at 10-second intervals. 
The first reading on thermocouple No. 1 was taken at the end of 
10 seconds, on thermocouple No.2 at 20 seconds, on No.3 at 30 
seconds and so on throughout the set. The millivoltmeter was con-
nected consecutively to the different thermocoup'les by a rotary 
switch. Readings were taken on all seven thermocouples in rotation 
until each had attained a CO!1stant temperature for three consecu-
tive readings. 
Averages were computed for the two sets of five readings and 
for the set of 10 readings for each unit. 
In translating millivoltmeter readings to temperature readings 
from the graph, temperatures were read to the nearest degree. 
SURFAcE UNIT TESTS WITH UTENSILS OF DIFFERENT 
MATERIALS AND FINISHES 
The tests on variations in boiling time may be divided into two 
parts. The first series of tests was run from a cold start and the 
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second series from a hot start, for which the electric units were 
preheated for 10 minutes. 
Preliminary tests were run to determine the best location of the 
thermometer in the heating liquid. Six thermometers were sus-
pended in a pan containing water. Two of the thermometers were 
. placed approximately Y;; inch from the side of the pan, two half-
way between the side and the center of the pan, and two at the 
center of the pan. One thermometer bulb of each pair was suspend-
ed y,J: inch from the bottom of the pan and the other approximately 
Y;; inch higher. Readings were taken on the thermometers every 
2 minutes until the thermometers registered 90° C. From these ex-
periments it was concluded that the position half-way between the 
side and center of the pan and y,J: inch from the botton of the pan 
·was best since the rate of heating was most even at this location. A 
hole was cut in each lid , through which a rubber stopper was in-
serted to hold the thermometer in this position. 
A small agitator operated by a controlled electric motor was used 
to keep the contents of the pan stirred in order to facilitate the 
measurement of the temperature of'the water. A second hole was 
cut in each lid, 2 inches from the side of the pan opposite the ther-
mometer, through which to insert the agitator. A rubber stopper 
surrounded the shaft of the agitator and completely covered the 
hole in the lid. 
For this group of tests 1,500 grams of water at 20° C. were 
weighed into the pan, the amount of water necessary to immerse 
the bulb of the thermometer completely. The electric unit was 
operated on high, and the wattage was held constant at 1,000 watts. 
Time was measured with a stop watch. The temperature readings 
were recorded every 2 minutes until the contents of the pan reach-
ed 90° C. This temperature was chosen to avoid large loss of 
water by evaporation and fluctuations in temperature near the 
boiling point. After the desired temperature had been reached, the 
unit was turned off, the pan removed from the unit and weighed. 
Ten tests were run on each of the 10 units with the enamelware, 
black bottom; enamelware, natural finish; aluminum, black bot-
tom; aluminum, natural finish; and copper pans. 
This series of tests was repeated using a preheated unit, which 
had been turned on for 10 minutes. A total of 1,000 tests was run 
in this group. 
Check tests were also run on a selected unit, Calrod, with each 
of the pans, using transformer oil instead of water to determine the 
significance of the evaporation of water in the previous test. 
Navy beans were selected for a typical long time cooking process. 
Preliminary tests were run to determine the best weight of beans 
and of water to use, the length of time to keep the unit on high, 
and the length of time for cooking the beans. 
As a result of the preliminary tests the following procedure was 
used: 200 grams of navy beans at room temperature and 600 grams 
of water at 20° C. were weighed into the pan. The lid was placed 
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Fig . S. Set· up for tes ts to determine variations in boiling time of water. 
on the pan and a thermometer inserted through the rubber stopper 
so that the bulb of the thermometer was % inch from the bottom 
and half-way between the side and center of the pan. The unit wa5 
turned on high and the wattage controlled at 1,000 watts. When 
the water had reached 70 0 C. the time was recorded. Seventy de-
grees C. was chosen to prevent a large evaporation of water and to 
avoid violent boiling. The switch was then turned to low and the 
cooking process continued on 250 watts. The total time of the 
cooking process, recorded by a stop watch, was 1 hour and 15 
minutes. At the end of this time the pan was removed and weighed . 
Since each test was continued for the same length of time (1 hour 
and 15 minutes), it is obvious that some criterion was necessary for 
measuring the doneness of the beans in order to note any variations 
in the different pans and units used. A penetrometer was used to 
determine the doneness of the beans. The penetrometer was fitted 
with a hardened steel needle 1/ 16 of an inch in diameter and ap-
proximately 72 inch in length. The needle point was tapered to 
an included angle of 15 degrees. A standard scale made by the 
New York Testing Laboratories was used on the penetrometer. 
Preliminary tests with the penetrometer led to the following 
procedure: After the pan and its contents were weighed, the lid 
was removed and the contents stirred 10 times. A spoonful of 
beans was taken from five different places in the pan, 4 spoonfuls 
from equidistant positions around the edge of the pans, and 1 from 
the center. Ten beans were selected at random from each spoon-
ful and were tested for doneness by the penetrometer. The readings 
of the scale on the penetrometer were recorded. 
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Ten tests were run on each of the 10 units, using enamelware, 
natural finish; enamelware, black finish ; alumium, natural finish ; 
and aluminum, black fin;sh, pans. 
The tests in a typical short cooking process were run with, selected 
representative units and utensils, the choice being determined by 
results in the previous tests. Since enamelware utensils with the 
black bottom and natural finish bottom gave approximately the 
same results, these tests were run on only the enamelware natural 
finish utensils. Both the black bottom and natural finiEh aluminum 
utensils were included. The surface units selected were, Calrod, 
Open spiral No.4, Chromalox No. 5 and Reflector. These units 
were selected because they represented typical performances for all 
the units included in the study. 
O;:!e check test was run on all the 
other units not selected for this 
group of tests. 
The cooking of small potatoes 
was selected as a typical short 
cooking process. Potatoes were 
chosen because they could be 
[ecured in fairly uniform size, and 
they were suitable for use with a 
thermocouple in determining the 
internal temperature during the 
cooking process. 
Preliminary tests were run to 
determine the weight and size of 
potatoes, the weight of water to 
use, a'1d the length of the cooking 
period. As a result of these tests 
the followhg procedure was used: 
A potato of uniform size, shape 
and weight was selected each time 
I 
in which to insert the thermocou- Fig. 6. Penetrometer used in long 
pIe for measuring the internal tem- cooking process. 
perature. These potatoes were 20 inches in diameter at the center, 
51's inches 10:J.g and weighed 78 to 80 grams. 
In addition to the test potato, five medium size potatoes weigh-
ing a total of 400 grams, and 150 grams of water, approximately 
2/3 of a cup, were p,laced in the pan. The thermocouple was run 
through the center of the test potato with the hot junction in the 
center of the potato. The thermocouple wires were held in place by 
means of a rubber stopper fitted into a hole in the lid of the utensil 
and were then connected to a millivoltmeter which had been calibrat-
ed. The cold junction was kept in an ice bath. The unit was turned to 
high and the wattage held constant at 1,000 watts. When steam ap-
peared the unit was turned to low and the cooking continued on 250 
watts until the internal temperature of the potato reached 80 0 C. 
This temperature was selected because it was an exact division on 
the millivolt scale, which gave greater accuracy, and because it 
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TABLE 3. DATA CONCERNING TEAKETTLES AND STEW PANS 
Bottom 
Type Finish Capacity diameter Thickness Gauge 
qt. in. in. (Brown & 
Sharpe) 
Teakettle Polished 4 7- 6 / 8 .039 18 
aluminum 
Stew pan P olished 4 7- 3 / 8 .039 18 
aluminum 
Teakettle Natural 4 6-4/8 .068 20 steel 
enamelware (3 coats 
enamel) . 
Stew pan Natural 4 6- 4/ 8 .068 20 steel 
enamelware (3 coats 
enamel). 
had bee~l found that leaving the potatoes on the unit for 10 minutes 
after it had been turned off would complete the cooking process. 
The time to reach this selected temperature was measured with a 
stop watch. A total of 60 tests was run in this group. 
Teakettles and stew pans were used to determine the comparative 
kibwatt hour consumption in heating water. Utensils of the same 
specifications in aluminum and in enamelware were purchased from 
OJe:J. stock in a department store. The data on the utensils are 
given in table 3. Selected electric units, representative of various 
types, were chosen for these tests. The following units, Calrod, 
E:J.closed Labyrinth and Open Spiral No.4, were used. 
The same procedure was fcllowed as in the cold start tests re-
ported in group 1. Three quarts of water (2,721.6 grams) at 20" 
C. were heated to 90 ° C. with the unit operating on high at 1,000 
watts. The agitator was used to stir the water as in p'revious tests. 
The temperature was measured with a Centigrade thermometer and 
the time with a stop watch. 
It was found that three tests on each unit gave adequate data. 
Analysis of variance was the statistical method chiefly employed 
in segregating and testing the significance of the differences attribut-
c:. ble to the various experimental controls. 
DISCUSSION OF RESULTS OF THE INVESTIGATION 
Data showing the mean temperature reJdings of the thermocouples 
in the bottom of the cast iron dutch oven, previously described, are 
given in table 4. 
Figure 11 ' shows the mea, fi:lal temperature readings for the 
~even thermocouples. These figures show that the constant temper-
ature reached was practically the same for all the units. The low-
est readings were those taken on the outside edge of the unit, while 
the highe3t readings were usually at the positions midway between 
the edge and the center. The difference between the lowest an<;l 
h ighest reading was three to four degrees. Except for the open 
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F ig'. 7. Se t -u p for short cooki n g t es t s. 
units and the cone reflector the temperature readings in the center 
of the unit were 1 to 2 degrees lower than the highest reading_ 
Figure 10 shows the rise in temperature, as measured by the 
thermocouples in the bottom of the kettle, for a representative unit, 
Chromalox No.7. This graph shows that the temperature curves 
Fig. 8. Teaket t les and stew pans used for compa ra t ive study_ 
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TABLE 4. MEAN TEMPERATURE READINGS (DEGREES CENTIGRADE) AT 
SEVEN POSITIONS OVER THE ELECTRIC UNITS 
(Initial temperature 20° C.) 
Units Time in 70 second intervals 
1 2 3 4 5 6 7 
8 1
9 10 I 11 \ 12 
----
110 . 31111. 6112 
Enclosed 
Labyrinth 20 . 5 25 . 5 35 47 . 5 62 77 . 5 92 ~ 107 . 5 
----
Cast-in-Calrod 21 27 35 . 5 46 .5 57 . 5 72 85 . 3 95 . 3 103 107 109 1110 . 5 
Cal rod 25 42 65 . 5 90 105 . 5 111 112 112 112 112 
Open (Spiral) 28 . 3 50 . 6 70 . 3 87 . 6 101.3 108 . 6 111.5 112 . 3 112 . 3 112 . 3 112 . 3 112 . 3 
-------------- ------
Chromalox 5 24 40 60 . 5 82 99 107 . 5 111 111.5 112 112 112 112 
----
------------------
Open (Star) 26 42 57 75 . 3 90 . 6 102 . 3 109 112 112 . 6 113 113 113 
----------------------
Chromalox 7 23 . 5 40 . 5 63 84 100 108 110 . 5 1-11 . 5 112 112 112 112 
- -
--
------------------
Chromalox 8 23.3 36 53 70 . 5 86 . 5 98 104 . 3 109 . 5 111 112 112 112 
------
lO()I1086 
--
----
112 . 3 1112 . 3 
--
Corox 24 .3 42 . 3 63 82 111 . 3 112 . 3 112 .3 112 . 3 
Reflector 23 35 . 5 52.'5 70.5 88 . 51101. 5 108 110 . 5 111.5 111.5111.5 111.5 
for the seven positions over the surface of the utensil are very similar. 
If graphs had been made for the other units they- would have 
shown essentially the same results. 
Figure 9 shows the mean temperature readings of the seven 
thermocouples at 70~second intervals and, hence, the variation in 
speed of heating for each of the 10 units studied. 
The tests on the surface units may be divided into two groups, 
first the determination of the time required to raise the temperature 
of 1,500 grams of water from 20 ° to 90 ° C. with the operation 
started on a cold surface unit, and second, the time required to 
raise the temperature of 1,500 grams of water from 20 ° to 90 ° C. 
when the tests were run after the surface unit had been preheated 
for 10 minutes. 
The means for the te3ts from a cold start are summarized in 
t:tble 5, which also includes a summary of the means for each pan 
on all 10 units a:J.d of all the pans together on each unit. Similarly, 
t:tble 6 gives the data for the tests after the units had been pre-
heated for 10 minutes. • 
If the same pan were used on all of the units the only variable 
factor in the formula for cooking efficiency would be the seconds 
requirei to heat the pan and its contents from the initial to the final 
temperature. For this reason the time factors were compared in-
stead of the percentages of cooking efficiency. The results would 
be of the same order. 
Cooking efficiency should not be confused with thermal efficiency 
wh:ch also takes into consideration the loss of heat by vaporiza-
tion. Since this loss varies with each degree rise in tem'perature, it 
is difficult to determine and was assumed in these tests to be utilized 
in heating the cover of the utensil. 
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The results of the analyses of variance for cold start and hot 
start tests are given in table 7. They show that there were highly 
significant differences among the mean times for the pans. These 
means are recorded in the right hand columns of tables 5 and 6. 
Again, the mean times for the several units, shown in the last lines 
of tables 5 and 6, differed significantly. Finally, in both tables 
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NCI~ t~\o", 
Fig. 11. Temperature distribution over the surface of electric units. 
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Fig. 11. Continued. 
there were significant variations in the times measuring the re-
sponse of the pans to the several units. 
With the cold start there was no significant difference between the 
enamelware black bottom and natural bottom pans and not any be-
tween the aluminum black bottom pan and the copper, but the 
former two required from 30 to 35 seconds less time than the latter, 
a significant difference. The aluminum natural bottom pan re-
quired a significantly greater time than any of the others. 
When the units are grouped according to the type of construc-
tion, it is noted that they are also grouped according to the time 
required to heat the given amount of water, although the members 
of each group differ significantly among themselves. 
The units requiring the longest time were the Enclosed Labyrinth, 
Cast-in Calrod and Reflector. These three units required an aver-
age of 1,111.8 seconds. The next group of units included the two 
open units No.4 and No.6, which required an average of 941.4 
seconds. The third group of units included the three Chromalox 
TABLE 5. MEAN TIME (SECONDS) REQUIRED TO RAlSE TEMPERATURE OF 1,500 GRAMS OF WATER FROM 200 C. TO 900 C. 
COLD START 
Series Series Series Series Series Series Series Series Series Series 
Utensil 1 2 Cast- 3 4 5 6 7 8 9 10 Mean 
Ene!. in Calrod Calrod Open Chromo Open Chromo Chromo Corox Reflector 
A. Enamelware 
(Natural finish) 1088 . 7 993.1 761. 6 875.6 832.4 877.4 784 .9 838.5 84.6.1 997.4 889.57 
B. Enamelware 
(Black bottom) 1128 .8 1018.4 763.8 865.6 820.9 884.3 766 . 7 882.0 827.2 959.1 891. 68 
C. Aluminum 
(Natural finish) 1204.9 1349 .7 857.4 1050 .5 934.2 1144 .8 n4.4 954.9 999.7 1470 . R 1090.13 
D . Aluminum 
(Black bottom) 1133.2 1178 .7 728.6 879.4 809.4 969.7 833.1 890.7 855 .4 935.9 921. 41 
E. Copper 1040.0 950 . 0 785.4 843.3 831.2 1024 . 0 781. 6 899.6 866.3 1229.1 925.05 
Mean 1119.1 t097 .8 779.3 902.9 845.6 980.0 820.1 893.1 878.9 1118 . 4 
TABLE 6. MEAN TIME (SECONDS) RBQUIRED TO RAISE TEMPERATURE OF 1,500 GRAMS OF WATER FROM 200 C. TO 900 C. 
HOT START 
Series Series Series Series Series Series Series Series Series Series 
Utensil 1 2 Cast- 3 4 5 6 7 8 9 10 Mean 
Encl. in Cal rod Calrod Open Chromo Open Chromo Chromo Corox R efleetcr 
A. Enamelware 
617 . 01 (N aturaJ finish) 659.2 609 .0 564.5 614.3 599.9 691.1 494.2 488.9 643.2 805.8 
B. Enamelware 
(BI ack bottom) 723 . 4 614.2 570.7 613.6 568 .4 678 . 0 508.0 512.8 647.4 799.4 623.59 
C. Aluminum 711 .7 875 .1 731.4 741.9 635 9 8249 620 .5 610 .7 703 .5 1142 .0 759 . 76 
(Nat ral finish ) 
D. Aluminum 
(Black bottom) 674 . 6 739.5 578.4 622.3 575.8 650 . 5 527.6 564.2 628.5 759.2 632.06 
E. Copper 540.9 383.1 591. 9 600 . 7 534.2 774.7 448 . 8 641.1 587.6 1171. 0 627 . 40 
Mean 661.4 645 . 1 607 . 4 636 .5 583.4 723 .8 519.8 563 .5 642 . 0 935.5 
----
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units, (Nos. 5, 7, 8) and the Co-
rox unit which requir'ed an average 
of 859.4 seconds. The Calrod re-
quired the least time, 779.3 sec-
onds. The slowest units required 
approximately 32 percent longer 
than the fastest type, the encased 
units. The open units required 
11 percent longer time than the 
fastest units. 
The Calrod unit required the 
least time with both of the en-
amelware a:ld both of the alumi-
num utensils, while the Chromalox 
unit No. 7 was next best. With 
the copper pan the Chromalox 
'unit No. 7 and the Calrod unit 
required significantly less time 
than the others. (Fig. 12 .) 
With the hot starts the enamel-
ware natural finish pan required 
the least time, 617 seconds (table 
6) . There was no significant 
difference between the enamelware 
natural finish and black bottom 
pans, but the aluminum black bot-
tom and copper pans required an 
avera~e of 12.72 seconds longer, 
a significant difference . The alum- . 
inurn natural finish pan again re-
quired a significantly longer time, 23 percent greater than the enam-
elware pans. 
A summary of the means for all pan~ together on each of the 10 
TABLE 7. ANALYSIS OF VARIANCE OF TOTAL TIME REQUIRED TO RAISE THE 
TEMPERATURE OF 1500 GRAMS OF WATER FROM 20° TO 900 C. IN COLD 
START AND HOT START TESTS 
Mean square 
Degrees of 
SOUI ce of variation freedom 
Cold st>rt. Hot start 
Pa'!1s 4 698,061 ** 366,Hio** 
Unit3 9 815,260** 655,738** 
Pan by unit 36 54,344** 75,427** 
Error 450 802 667 
-
Total 499 
**Highly significant 
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preheated units is given in table 6. As stated above, these means 
differ significantly. The results show that the Chromalox units re-
quired the least time to heat 1,500 gm. of water from 20° to 90° C. 
The Calrod ranked next. Open unit No.4, Corox, Cast-in Calrod 
and Enclosed Labyrinth may be grouped together. These required 
an average of 648 seconds. The units requiring the longest time 
were the Open No.6 and the Reflector. The slowest unit, Reflector, 
took 80 percent more time than the fastest unit, Chromalox No.7. 
The open units averaged 9 percent longer and the enclosed and re-
flector units 19 percent longer than the encased units. Not only 
is there a significant difference between the groups, but the grouped 
units differ significantly among themselves. 
Table 6 shows that the two enamelware pans and the two alum-
inum pans, were, with one exception, best on the Chromalox units, 
while the copper pan was best on the Cast-in Calrod unit. The Re-
flector unit required the longest time with all the pans . . 
This table shows further that the water heated most rapidly 
on the Enclosed Labyrinth, Cast-in Calrod, Open No.4, Chromalox 
Nos. 5 and 7 and Corox units when a copper pan was used. The 
copper pan weighed approximately twice as much as the enamel-
ware pans and three times as much as the aluminum pans. It may 
have utilized the stored heat in the preheated units slightly better 
than the other utensils. On the Open No. 6 and Reflector water 
was heated most rapidly in the aluminum black bottom pan; on 
the Calrod and Chromalox No.8, in the enamelware natural finish. 
On all the units except the Enclosed Labyrinth, Chromalox No.8 
a '1d -Reflector, water heated most slowly when in the aluminum 
natural bottom pan. 
Analysis according to the cottom finish showed that there was 
no significant difference between the natural bottom and black bot-
tom enamelware pans in either the hot start or cold start tests, but 
that there was a highly significant difference between the black i}.nd 
natural finish aluminum pans. 
CHECK TESTS TO DETERMINE THE EFlIECT OF EVAPORATION 
OF WATER 
In the series of tests to determine variations in the boiling time 
with utensils of different materials and finishes, check tests were 
run on the Calrod unit using transformer oil instead of water to 
note any effect of the evaporation of water. 
When the utensil requiring the shortest time to heat the given 
quantity of liquid was assigned a value of 100, the following rela-
tive percentages were given the pans tested: 
Pan Water Oil 
1. Aluminum (Black finish) 100.0 100.0 
2. Enamel (Natural finish) 95 .7 98.5 
3. Enamel (B lack finish) 95 .4 97.9 
4. Copper 92.8 97.8 
5. Aluminum (Natural finish) 84.9 92.9 
The range of variation was not as great with the transformer oil 
as with the water, but the pans showed about the same relative per-
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farmance with each heating medium. It was decided, therefore , 
that the water tests would give sufficiently satisfactory results and 
would be of more value since they more nearly represented actual 
cooking procedures in the home. 
TYPICAL LONG TIME COOKING PROCESS 
The tests used in this group, the cooking of navy beans, were pre-
ceded by a number of trials made to perfect the experimental tech-
nique. As explained in the procedure each test was continued for 
the same length of time. Penetrometer readings of a sample of 
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Fig. 13. Ivlean penetrometer read· 
ings for typical long time cooking 
process. (Graph based on data in 
t able 8.) 
beans from each pan were used, 
therefore, to determine differences 
in the pans and units studied. 
Preliminary analysis of the data 
showed that there was great vari-
ation in the beans tested from one 
pan; hence it was necessary to 
test approximately 50 beans from 
. each pan. When this number of 
beans was tested, it was found 
that the mean of the penetrometer 
readings could be used as a mea-
sure of the "doneness" for each 
trial. Further preliminary analyses 
showed that there was a highly 
significant difference between the 
trials for any selected pan on any 
unit, and the variation from trial 
to trial, which apparently could 
not be controlled, was used as the 
experimental error. 
The summary of the mean pene-
trometer readings for testing the 
degree of doneness of the navy 
beans is given in table 8. The 
table shows the mean readings for 
10 trials, or 500 beans, on each 
of the 10 units for the enamelware 
utensils and for five trials, or 
250 beans, on six representative 
units for the aluminum pans (fig. 
13) . 
A study of these mean read-
ings shows a variation ranging 
from 39.12 degrees for the black 
bottom aluminum pan on the En-
closed Labyrinth unit to 20.08 de-
grees for the black bottom alumi-
num pan on the Chromalox No.8. 
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With the exception of the aluminum black bottom pan on the 
Enclosed Labyrinth unit and on the Cast-in-Calrod unit, the two 
enamelware pans show the highest penetrometer readings or the 
gr.eatest degree of doneness. Although there is not a significant 
difference between the enamelware black bottom and natural finish 
pans, the two finishes on the aluminum pans gave a highly signifi-
cant difference. 
An analysis of variance showed that the differences among 'the 
mean penetrometer readings for the four pans were highly signifi-
cant, that there were highly significant differences among the 10 
units, and also that the pans ranked in different order when placed 
on the several heating units. 
TYPICAL SHORT TIME COOKING PROCESS 
The time required for cooking potatoes, a typical short time 
process, is reported in table 9. The table gives the time required to 
raise tl;1e internal temperature of 480 grams of potatoes from 20° 
to 80° C. The test was run on representative surface units, the 
Calrod, Open No.4, Chromalox No.5 and Reflector. The utensils 
used were enamelware natural finish, and aluminum black bottom 
and natural finish bottom. Check tests, as shown in the table, 
were run on all the other units with these pans, and also JVith the 
enamelware black bottom pan. 
A summary of the data for the pans and units selected for the 
tests is given in table 10. The data for the short cooking process 
in the three pans A, C, D on units Nos. 3, 4, 5 and 10 were analyzed 
statistically. The results are given in table 11. There are not 
only highly significant differences among the pans and among the 
units, but there is a significant variation in the way 'the pans heat 
on the different units. Since the black bottom aluminum pan 
required almost the same average time as the enamelware, the signi-
ficant difference is evidently between these two and the natural 
finish aluminum. The latter required an average of almost a min·· 
ute longer than the others. (Fig. 14.) 
TIME, KILOWATT HOUR CONSUMPTION AND COST OF HEATING 
WATER IN A TEAKETTLE AND A STEW PAN OF THE 
SAME CAPACITY 
Data on this test, given in tables 12 and 13, indicate that there 
was only a slight difference in the time required for heating water 
in a stew pan and in a teakettle on the representative units selected 
for this test. 
With both sets of utensils the kilowatt consumption and, there-
fore , cost, were least in heating the water on the Calrod unit and 
most on the Cast-in Calrod. The difference in cost, at 3 cents per 
kilowatt hour, averaged 0.37 cent for heating 3 quarts of water 
from 20° to 90° C. 
TABLE 8. SUMMARY OF MEAN PENETROMETER READINGS FOR THE TYPICAL LONG TIME COOKING PROCE SS 
(D egrees) 
- - - ----
Series Series Series Series Series Series 
I 
Series Series Series I Series Utensil 1 2 Cast- 3 4 5 6 7 8 9 10 
Encl. in Calrod Cal rod Open Chromo Open Chromo Chromo Corox R efl ector . 
A. Enamelware (Natural) 33.85 32 . 99 29.06 28.98 32 . 46 28 . 42 31.86 32 . 37 34 . 94 32 . 48 
B. Enamelware (Black bottom) 32 .41 32 . 31 31. 32 31. 53 30 . 72 28 . 95 32 .81 31.83 31. 75 32 . 73 
C. Aluminum (Natural) 24 . 03 22 .81 20 . 98 21.22 24 . 22 25.47 
D . Aluminum (Black bottom) 39. 12 36 . 07 21.33 22 . 62 21.05 20 . 08 
TABLE 9 . TYPICAL SHORT COOKiNG PROCESS 
(Time In Seconds ) 
(480 gm. potatoes + 150 gm. H~O - Cooked to 800 C. internal temperature of potat,,) 
- - -
Series Series Series Series Series Series Series Series Series Series 
Pans 1 2 Cast- 3 4 5 6 7 8 9 10 
Encl. in Calrod Calrod open Chromo Open Chromo Chromo Corox R eflector 
1297 1040 1093 1003 1120 
1255 1288 1038 1069 1006 1125 1015 1034 1040 1112 
A. Enamelware (Natural) 1265 1040 1086 1011 1085 
B . Enamelware (Black bottom ) 1039 985 1037 1118 
1053 1104 1043 1156 1247 
1314 1197 1087 1123 1063 1006 1023 1066 1250 
C. Aluminum (Natural) 1005 1112 1063 1212 
995 1105 1030 1070 968 1044 1015 1065 
1219 1206 1006 1083 1035 1100 
D . Aluminum (Black bottom) 975 1099 1040 1090 
--
00 
<.N 
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INTERRELATION OF CONVEXITY OF BOTTOM SURFACE AND 
EFFICIENCY OF PANS 
Since the pans used in this study were made to order they had 
the same diameter, depth and bottom thickness. An investigation 
of the pans showed, however, a variation in the convexity of the bot-
toms of the utensils. (Table 14.) The bottoms of the enamelware 
and copper pans were slightly convex, the variation from the outer 
edge to the center of the pans being less than .03 of an inch, so that 
to the eye the bottoms appeared to be flat. The aluminum pans, 
both the natural finish and black bottom, showed greater variations 
in the convexity, one pan having a convexity approximately three 
times ' that of any other pan. 
Since the black bottom aluminum pans, although of greater aver-
age convexity, showed a higher cooking efficiency than the natural 
TABLE 10. SUMMARY OF THE MEAN NUMBER OF SECONDS REQUIRED FOR 
HEATING 480 GRAMS OF POTATOES FROM 200 TO 800 C. I N TERN AL 
TEMPERATURE 
Series 
Pans 
3 4 5 10 
Calrod Open Chromalox Reflector Mean 
A. Enamel-
ware 1039 1082 1007 1106 1058 
natural 
finish 
C. Aluminum 
natural 1048 1113 1056 1237 1113 
finish 
D. Aluminum 
black 992 1095 1035 1085 1052 
bottom 
Nrean 1023 1096 . 7 1032 . 67 1142.67 1074 . 3 
TABLE 11. ANALYSIS OF VARIANCE OF THE TIME REQUIRED TO HEAT 480 
GMS. OF POTATOES FROM 200 TO 800 C. IN TERNAL TEMPERATURE 
D egrees or Sum of 
Source of variation freedom squares Mean squares 
Pans 2 27,489 13,741--
Units 3 82,586 27,529--
Pans by units 6 23,712 3,952--
Error 24 7,153 298 
- ---
Total 35 140,940 
--Highly significant 
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TABLE 12. DATA FOR HEATING WATER IN AN ALUMINUM TEAKETTLE AND 
STEW PAN OF THE SAME CAPACITY 
Time to Fuel Cost (3e 
Utensil Unit heat water con .. per kw. 
(mean) sumption hr.) 
min. sec., kw. hr. cents 
Aluminum Cast-in-Calrod 30 04 . 501 1. 503 
T eakettle 
Calrod 24 20 . 405 1.215 
Open 25 03 . 417 1. 251 
-
Aluminum Cast-in-Calrod 29 36 . 493 1.479 
Stew pan 
Calrod 21 56 .365 1. 095 
Open 23 01 . 383 1.149 
finish aluminum pans, it may be assumed that the black finish 
raised the record of performance. 
On the other hand the black finish on the bottom of the enamel-
ware pan did not materially increase its efficiency. Enamelware is 
a glass-like substance and absorbs radiant heat more readily than 
some other materials. For this reason the heat is transferred to 
the enamelware utensil and its contents with little loss, and blacken-
ing the bottom of the pan does not appreciably increase the absorp-
tion. 
Since it was concluded that the convexity of the bottom of the 
utensil probably affected the cooking efficiency, it seemed desirable 
to run additional tests with pans purchased on the open market, 
many of which are made with convex bottoms. 
It was impossible to secure utensils of different materials with 
the same specifications. Pans of approximately 2-quart capacity 
of well-known brands of aluminum and enamelware were therefore 
selected, since this size was the most suitable for continuing the 
tests with the same quantity of water as was used in the former 
tests. . Three aluminum and three enamelware pans were tested to 
obtain a sampling of the pans. Table 15 gives the data for the 
utensils purchased on the open market. The aluminum pans were 
1 % inches larger in bottom diameter than the enamelware pans and 
were of approximately 12 gauge, while the enamelware pans were 
of 14 gauge. The aluminum pans were made with slightly convex 
bottoms; the bottoms of the enamelware pans were convex with 
the exception of a fiat surface 1 inch wide around the edge. All 
tests were run on two new Corox units, 7"0 inches in diameter, to 
obtain a sampling of the unit also. The aluminum pans fitted these 
units ·better than the enamelware pans. 
The summary of the mean results of the time required to raise 
the temperature of 1,500 grams of water from 20° to 90° C. in the 
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short cook ing process. (Graph based 
on data in table 9.) 
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commercial utensils is given in 
table 16. The results show no sig-
nicant differences . 
When the specially made enam-
elware pan which was used for 
the original study was tested on 
one of the new Corox units, the 
water heated in 2 minutes and 6 
seconds less time or 13 percent 
less time than in the commercial 
pan. This difference may have 
been due to the plane bottom sur-
face of the enamelware pan which 
was made to order and also to the 
way in which it fitted the unit, 
since it was practicafly the same 
size as the unit, while the com-
mercial pan was 1 % inch smaller 
than the unit. 
As has already. been noted, the 
tests indicated that the encased 
units, Chromalox, Corox and Cal-
rod, required the least time for 
all the processes studied. The open 
units required from 11-19 per-
cent longer time and the enclosed, 
cast-in, and cone reflector types 
from 19-30 percent longer time 
than the fastest unit. 
To check improvements in the 
various electric range surface units, 
new units of each of the types stud-
ied were secured and additional 
TABLE 13. DATA FOR HEATING WATER IN AN ENAMELWARE TEAKETTLE 
AND STEW PAN OF SAME CAPACITY 
Time to Fuel Cost (3e 
Utensils Unit heat water con- per 
(mean) 8umption kw-hr) 
min . sec. kw. hr. cents 
Enamelware Cast-in-calrod 29 2 .483 1.449 
teakettle 
Calrod 23 20 . 388 1.164 
Open 25 27 . 424 1.272 
Enamelware Ca,t-in-calrod 30 48 . 513 1 : 539 
Stew pan 
Calrod 21 13 . 353 1 . 059 
Open 25 11 . 417 1. 251 
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TABLE 14. DESCRIPTION OF BOTTOM SURFACE OF SPECIALLY MADE 
UTENSILS 
Utensil 
Number Material Finish of bottom Form Convexity 
inches 
EI Enamelware Black Convex . 019 
E2 Enamelware Black Convex . 029 
EI Enamelware Natulal Convex . 008 
Eo Enamelware Natural Convex . 028 
Al Aluminum Black Convex . 059 
Ao Aluminum Black Convex . 082 
Al Alumim.:m Natural Convex . 032 
A2 Aluminum Natural Convex . 072 
C I Copper Natural Convex .007 
C2 Copper Natural Concave .023 
TABLE 15. DESCRIPTION OF UTENSILS PURCHASED ON THE OPEN 
MARKET 
I 
Con-
Utensil Finish of Diameter Thickness Bottom vex-
no. Material bottom of bottom of bottom Depth Weight surface ity 
--- ----
----
--
inches inches in. grams in. 
t 
AI Aluminum Rough 7- 2 / 8 . 079 3 . 162 651 Convex . 027 
A. Aluminum Rough 7- 2 / 8 . 078 3.160 652 Convex .039 
Aa Aluminum Rough 7- 2 / 8 . 077 3.162 657 Convex . 069 
EI Enamelware Natural 5-7 / 8 . 060 4 . 241 928 Cor..vex . 043 
E2 Enamelware Natural 5-7 / 8 . 057 4 . 251 930 Convex . 073 
Ea Enamelware Natural 5- 7/ 8 . 063 4 . 240 931 Convex .118 
tests run. Data for these units are given in table 17, and the results 
of the tests in table 18. These tests also required the leas~ time 
on the encased units, the average time being 12 minutes and 32 
seconds. Tests on the open unit took 18 percent longer time and 
on the closed unit 28.6 percent longer. The new units required 
Fi2'. 15. Commercial utensil s of ename lware and a luminum. 
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TABLE 16. SUMMARY OF MEAN TIME REQUIRED TO RAISE TEMPERATURE 
OF 1500 GRAMS OF WATER FROM 200 TO 900 C. IN ALUMINUM AND 
ENAMELWARE UTENSILS. COLD START. 
Unit Utensils 
Alum. (No.1) Alum. (No.2) Alum. (No.3) Mean 
Min. Sec. Min. Sec. Min. Sec. Min. Sec. 
Corox (No.1) 16 18 16 27 16 40 16 28 
Corox (No.2) 15 50 16 15 15 51 15 58 
Mean 16 04 16 21 16 15.5 16 13 
Enam. (No.1) Enam. (No.2) Enam. (No.3) 
Corox (No.1) 15 45 15 52 16 13 15 57 
Corox (No.2) 16 01 15 14 15 21 15 32 
Mean 15 53 15 33 15 47 15 44.5 
slightly less time than the units formerly tested, but gave the same 
comparative results. 
Additional tests with the new Corox unit which has the wattage 
rating of 1,200 watts on high, 300 watts on medium and 120 watts 
on low indicated that 120 watts were sufficient to maintain simmer-
ing temperatures for typical cooking processes used in the home. 
TABLE 17. DATA CONCERNING ELECTRIC SURFACE UNITS (NEW) 
Diam. in-
Name Manufacturer Type Watt cluding Diam. of 
rating rim unit 
Watts In. In. 
Corox Westinghouse Electric and Encased 
Manufacturing Co. 
1200 7-2 / 4 6- 3/4 
Calrod Edison General Electric Encased 
Appliance Co. 
1200 7- 1/4 5-.3/ 4 
Chromalox Edwin L. Wiegand Co .. Encased 1200 9 6- 2 /4 
Open Edison General Electric Open 1000 7- 1/ 4 6- 1/ 4 
Appliance Co. Labyrinth 
Kalmax Standard Electric Stove Co. Enclosed 1500 9- 3/4 8 
Lahyrinth 
TABLE 18 . . TIME REQUIRED TO RAISE TEMPERATURE OF 1500 GRAMS OF 
WATER FROM 200 TO 900 C. ON FIVE TYPES OF SURFACE UNITS (NEW). 
COLD START 
Enamelware pan Corox Calrod Chromalox Kalmax 
Natural finish (Encased) (Encased) (Encased) Open (Enclosed) 
Min. Sec. Min. Sec. Min. Sec. Min. Sec. Min. Sec. 
Trial 1 13 36 11 32 12 31 14 50 16 8 
Trial 2 13 38 11 32 12 29 14 45 16 Ii 
Trial 3 13 37 11 33 12 37 14 55 16 6 
Trial 4 13 40 11 42 12 30 14 47 16 5 
Trial 5 13 38 11 30 12 27 14 46 16 7 
Mean 13 38 11 34 12 31 14 48 16 7 
